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PREFACE

The implementation of successful high volume fuze manufacture depends, to a
large degree, on the fast accurate reproduction of a workable prototype. Parts
must be made to fall hetween acceptable tolerances to insure ultimate compati-
bility with all performance specifications. The process of insuring acceptable
dimensional conforniance is a costly process of detailed inspection, involving
delicate complex gages and equipment. ’I‘l{;ase inspection devices must be
continually calibrated, repaired, and replaced due to physical wear and distor-
tion. The use of inspection gages requires a high skill level and is tedious
repetitive work., The time required for inspections for all byt-very simple parts
and maintenance of the inspection gages preclude 100% i?ipection. In order to
produce items in high volume, inspection is limited to 3 statistical sample
(AQL level). Sampling inspection plans are a compror’r‘ai,se between cost and the
desired quality to perform the parts design function. T;'le need for better
inspection equiprnent to reduce inspection time, with non-wear characteristics,
is & porpetual and recurrent requirement in fuze and ordnance manufacturing., .
Any improvemqnt in the efficiency of the inspection operation would enhance the
quality of the fuze .product. decrease the manufacturing cost, and produce a

desireable shortening of strategic lead time,

A e, o T T e e e e

Np —
One significant attempt to improve inspectmn methods was conceived by U.S.

Army Arsenal engineers %ring the manufacture of the M572 fuze. “ If'a“tdiﬁ‘p‘léteiy
automatic non-contact inspection machine could be made for the fuze plate
lamina, the goals of high quality and cost reduction could be realized as a result

of this concentrated effort. With these goals in mmd. Frankford Arsenal awarded

[P S .
e oo e A ——————

T ————
Bulova Systems and InstrumentagContract No. DAAAZ6 <76-C-0344, for the
development and fabrication of an automated Inspection Machine for Mechanical

Time Fuze Components. The particular means of inspection was not limited to
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

any particular physical method or discipline. However, the piece of equipment
to be produced was to allow for one hundred percent inspection and, ifat all

[ ' possible, use non-contacting measurement means. The machine was also
limited to measurement of fuze plates on devices similar to the M572 fuze.

( This machine can inspect the M572 Plate No. 1, First lamina in 30 (thirty)

seconds when the print out of inspection data is suppressed,

r SUMMARY /CONC LUSIONS
[. After a concentrated design and fabrication effort, an optical inspection machine
o was made to satisfy the original scope of work, (See Figure l) Monetarylimita-
’ tions and difficulties brought about by the clorsing of Frankford Arsenal, ledto a
o situation that limited the ultimate development of the machine. Since it was
“: foreseen under these conditions that project funds would ultimately be limited and/
S or terminated, work was discontinued on the automatic handling of the plate com-
: ponents. This v:as a practical approach for economy, since testing showed that a
:..:;}. semi-~-automatic system gave better yield than a completely automatic handling
: system. All remaining funds were dedicated to the formulation of the measure~
ment system with its associated hardware and software. Since the scope of work
limited activity to inspection of relatively thin lamina, a ''Z'" axis requirement was

eliminated at the very start of the program. The machine essentially demonstrated

the capabilities required for non-contact inspection of the selected lamina. The

. measurements made yielded dimensional values that could be considered capable

of being absolute if proper factors of proportionéuty could be added to the software.
The existing program only accounted for one factor of proportionality, The re-
quirement of a complex factor dependent on the optical scanning system was
always present but never added due to a cut-off of software development because of
funding restrictions. User programming difficulties also greatly limited the in-

sertion of relatively simple embelishments into the software. Programming was

done in machine language for economic reasons. Any higher level software system
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

was beyond the original intent and funding capabilities alloted to the optical

measurement system concept.

INTRODUCTION
On June 4, 1976, Bulova Systems & Instruments Corpsration was awarded Con-

tract DAAA26-76-C-0344 for the design and construction of a prototype Automated

Ingpection Machine for Mechanical Time Fuze Components. The initial concept

for the prototype machine was conceived tc embody a quantitization of optical

signals to represent distances and compare these distances to acceptable

tolezances.

Two modes of operation would be used. The first would quantitize the entire

optical image of a lens system. The other mode would use the inherent accuracy

of a precision X-Y table, together with optical transition signals to establish dis-~
tances outside the field of view of the lens system. Sea Appendix C. Light
sources were selected for direct and reflectad illumination. Tungsten halogen
lamps were considered for the source for the direct measurement, Experiments
using various lens combinations and permutations for direct laser illuminations
would also be tried. Low power, one milliwatt helium-neon lasers were con-

sidered for use as reflective non-contact depth measurement light sources.

See Appendix E

The optical inspection machine included specifications for automatic piece part
handling and positioning equipment. The handling equipment would have the
ability of separating the rejected lamina into a separate bin from the accepted

components as part of the automatic cycle, Two separate subcontracts were to

be issued by Bulova Systems and Instruments Corporation to EMR Photelectric,
a division of Weston Instruments Incorporated, and the PAF Design Corp. for
the Optical Data Digitizer and the mechanical design of the automatic handling

equipment,
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

The EMR Corp. would provide the major components of the digiti ier which would
include the image dissector camera, computer program, X-Y positioning table
and inspection system software., “he PAF Design Corp. would provide the com-~
plete mechanical design for the automatic handling equipment and camera and
light system mounting hardware. All project management, integration and system
design responsibilities would be handled by the Bulova Systems and Instruments
Corp. Bulova would also provide all fabricated hardware and electrical control

apparatus for the automatic handling equipment.

Subcontractors tasks were originally limited by monetary factors due to limitation
availability of original funding. Consideration of additional funds at later dates was
originally planned to allow for lower priority activity, The ultimate absence of
these funds required the reallocation of funds from the (completion of the) automa-
tic handling system to the (supplementation of effort on the) optical digitizer, Soft-
ware funds were also limited from the very beginning. The entire software com-
puter program was processed in machine language and done under 2 fixed price

arrangement with the subcontractor,

DESCRIPTIGN
Physically the inspection machine was constructed in three units. The first and
7/

largest unit ¢t high;—6-ft-~wide, and 5 ft. deep) was made as a complete unit for
support of the camera system, X-Y table, viewing stage and automatic handling.
system. Heavy structural members support a one-inch thick table top which in
turn serves as a mount for all mechanical components, The second major wait
consists of a rack cabinet to house the Nova 3, Data-General Computer, the
Anorad X-Y Table Electronics, the Power Distribution Circuitry and the Cathode
Ray Video Monitor. The third unit consists of the input/output station, a model
ASR 33 teletype machine,
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e As a complete system the inspection machine might be classified into the following

parts. (See Appendix G)

1. Image Dissector Optical Data Digitizer System

2. Digitizer Power Supply

3. Tungsten Halogen Lamp Source with Heat Exchanger

4, Helium-Neon One Milliwatt Laser Reflective Light Source
5. Nova 3 Data General Computer with ASR 33 Teletype

. 6. Video Monitor

[; 7. Anorad X-Y Table with Associated Electronics

MR |

R rilaka

: 8. Automatic Loader and Unloader w/Precision Lamina Holding Fixture
r 9. Texas Instrument 5T Programmable Controller for Automatic

\ Handling System

[ 10.  1/O Interface with Logic Modules

e 2% ot SRSt el

11, Software Package

’
TR SIN

The initial description of the intended operation of the machine diverges from the

abe actual operation because of the non-completion of the automatic handling system.

B

The actual operation consists of manually inserting two Flate #1 lamina into the
L precision holding fixture and measuring the front side of the first lamina and the

i back side of the second lamina. The fixture is then rotated 180 degrees and

measurements are made of the front side of the second lamina and the back side

of the first lamina. Measurements of the programmed holes, distances and
: features are then compared with dimensional limits in the computer. See
A\ppendix B and C. A status report is made for each measurement and if all

£ measurements are within limits, and "OK" light is illuminated.

The intended operation was to allow 200 plates to be magazine loaded and pre- .
e sented to the viewing optics one at a time. After inspection a plate is automati-

& cally removed and transferred either into an "accept' magazine or into a reject! i

w5a
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

bin depending on the status of the lamina plate. The intended system was planned

to afford interaction between the Nova 3 Computer and the 5TI programmable
controller with a corresponding independence of machine sequence routined to

optimize control requirements during normal operation and debugging periods.

el
i

Measurement capabilities of the machine are limited to the actual X-Y table

———

T T I E LT
PERTRN FTE SN A SR WA T )

L resclution and accuracy. The specification of the particular Anorad table used

f was one tenth of a thousandth of an inch with a fifty millionths of an inch repeat-

alllity. Measurements could be made to these specifications if the optical

woitizer was programmed to use the same coordinate elements for determination

St g T s e g

of a particular feature edge. The largest size hole that could be viewed, with

the particular lens system used, was 250 thousands of an inch, If different parts

e e e e

of th. ovtical viewing area for single frame digitizing are used, an error could

occu=~ due to linearity deviations caused by imperfect scanning components in this
. type of video camera syst-m., Measurement errors due to this condition are

pres.ntly below one thousandth of an inch.

3
Sk B D A R L ool st

‘ { This error is important if the machine is to be called an absolute measurement :
F ‘ device. However, if the machine is rated as a comparator device the error
[“\ becomes less important or even insignificant, A means of software compensation
A is possible to apply particular correction factors to all coordinate scanning
l: points. Also a '"'pinhole'' bezel with holes of known tolerance could automatically Hﬁ
) program the compensation factors if advanced programming techniques were to

L' be used in the software. All of these software embellishments however were be-
' yond the existing funding capabilities of the contract as written,

@‘f"; The system programming details that formulate the requirements for the entire

scope of work are contained in Appendix A, Essentially this list is the basis for

the computer block diagram. The computer block diagram was never supplied

with the system due to the complexity of the task of documentation and constant

-6- -
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BULOVA SYSTEMS & INSTRUMENTS GORPORATION

updating requirement. Since the entire assembly language software package was
developed by thke optical digitizer manufacturer, there was very little opportunity
for personnel external to that group to get a good grasp of the programming

details, Money was not available for the special instructions and training neces-

sary to enable user service contract for the software. See Appendix D,

DEVELOPMENT
One of the greatest problem areas seemed to stem from the use of an assembly

language in the farmulation of the software for this system. The entire success
of the software, with absolute dependence on one or two individuals for insurance
of proper operation, severely limited the inspection system. (See Appendix A)
A1 initial recognition of this problem resulted in the use of an external controller
for operation of the automatic parts handling system. The separate Texas
Instrument Controller interchanged signals from the main Data General Nova 3
computer. The overall solution to computer language problem was also con-

ceived very early in the program, but funding would not permit system implemen-

tation.

The recommended solution would be to write the entire program with formatted
outputs in a high level computer language. All proprietary routines requiring
special timing considerations would be treated as separate '‘black box' routines,
These special routines could be accessed by the high level executive program
and serviced by much more inexperienced programmers. These special routines

could be executed in machine language, assembly language, ladder diagram

language or even hard wired logic. It has been an interesting observation that

most computer problems that have caused disruption to the continuity of the
project have been traced to the executive assembly language program and never
to the dedicated sub-routines, Since the machines executive program is written

in assembly language, a simple imanipulation of adding a printed comma becomes

-7-
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

a formidable programming problem: in the eyes of the average engineer user,

The solution of using a high level language for the executive program could be
accomplished in two ways. First, incorporate the high level language into the

Nova 3 System with corresponding changes in the memory system. Second, pur-

chase an additional computer calculator with high level language and interfacing

I W, T T — PR RTINS e, 7
s T ool N e i e Y R e R ™ 4 = -

T

% capability and incorporating this new interface into the system.
i
=

Another mujor problem area has been the primary light source., Originally a

- laser and diffuser were used as the primary light source. Despite the 250 mil

field of view, unequal illumination caused severe errors in the system, Diffi-

-

£
3
e e T T Mt e et i - o i o P SR

b culties were encountered on light source alignment. Also, variations in
N .
Ls, s intensity were noted as iisers aged. The solution to the problem was to install

- a 250 watt tungsten halogen lamp with a unique air heat excharger system,

L i Almost all components of the material handling system were designed and coen-
A

.:'-f'-' structed. However, the system was never assembled and tested, The system

contained a special I/0 interface specifically made to match the 5TI Texas Instru-

ment Controller to the actuators aid sensors of the automatic loader and unloader.

The interface was designed to enable v .2 operation of each actuator manually or
automatically, Also, each actuator was able to be disconnected. LED pilot

lights were incorporated to allow determination of 2ach input or output level as a

programming aid and during aany trouble shooting sequence. The inbut sensors.
were also connected to allow automatic operation or manual level control, An
initial ladder diagram program was developed and incorporated on the interfact,

without using the actual loader and unloader hardware. 7 :

Specific inputs and outputs were designated on the Nova 3 and the 5TI for inter -

active usage, The materials handling logic ic¢ listed in Appendix A.

-8-
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FUTURE DEVELOPMENT
Future development of similar inspection machines could incorporate various

details that would overcome several present limitations. A basic change would
be to use a solid state charge coupled diode pick up device with equal resolution
compared to the present vidicon., If a pick up device of this nature were used,
matrix scanning would eliminate scanning position error. Unlike standard

electronic sweep image tubes, the diode matrix detector maintains each diode

element in a time position in space, unaffected by electrical voltage variations,
Computer error factors would be eliminated and the machine could become an
absolute measurement device providing the optics did not introduce any distor-
tion products. The inspection machine could work as it is working now, but

with greater accuracy, without sacrificing any measurement speed.

To increase the versatility of the inspection device a third vertical, "Z'" axis
should be incorporated. At the present time the depth-of-field of lens system
does not exceed the thickness of the lamina detailed in the scope of work. 1f a
third depth axis were used with the associated optics, the machine would be

adaptable to other fuze programs were the lamina or parts depths exceed the lens

depth-of -field capabilities, With the incorporation of a ""Z'" axis, more flexibility
could be achieved by using an automatic multiple turret lens head with select -

able magnification for examination of many different types of piece-parts,

Depth measurements on the existing machine were successfully implemented by
the use of the techniqu= of splitting a laser beam on a projection or edge of a
blind hole or crevice, See Appendix E, The ultimate use of this technique
could be enhanced by allowing the attachment angle to be available in four or
more different directions. This would require multiple lasers individually
computer controlled. Additional software for the control routines would have

to be developed. An zlternate procedure to eliminate n:.ultiple lasers, would

ki
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

be to use a precision rotary table with programmable angular movement. If
the rotary table were used, an alternate rotation-of-axis routine could be used

to simplify the software, Mirrors could also be used to accomplish this end

result.

Due to the span of time associated with the development of the inspection machine,
a continuation of the project would certainly have to accommodate a change in the
state of the engineering art of the two major building blocks of the system. The
machine would have to be retrofitted with the latest advances in the computer
field, It is then that the software could be adapted to allow simple restructuring
of the program by the use of high level language techniques and perhaps separate
microprocessor subroutines, The availability of a high resolution charge-coupled

device image tube would necessitute new matrix scanning hardware and software.

MACHINE PERFORMANCE VERSUS SCOPE OF WORK
This machine as originally proposed was implemented and designed to conform to

the rejuirements of the U.S, Government Contract No, DAAA-25-76-C-0344, The

work on this project was complicated by the closing of Frankford Arsenal with its
attendant administrative disorientation and change in cognizant Arsenal personnel
during this closing period. Overall project effort was directed to satisfy the

following document:
Technical Scope of Work

For
Automated Inspection of Mechanical Time
Fuze Components (Movement Plates)

Prepared by
Artillery Modernization & Engineering Division
Manufacturing Technology Directorate
Frankford Arsenal
Philadelphia, Pennsylvania
Dated 10 September 1975, Revision A

-10-
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It must be emphasized that this machine was contracted as, and has always been
considered, a prototype design whose ultimate use would be high volume precision
measurement of fuze movement plates, It was envisioned that this design would
serve as a basis for a group of production inspection machines stra'tegically

placed in a high volume manufacturing facility. While this individual machine

was designed to satisfy this prototype requirement in concept, it was contracted to -

be a final piece of hardware for this purpose. The intent was to prove that the

original study could be turned into hardware,

This report will attempt to establish the methods and hardware developed by
Bulova to satisfy the technical Scope of Work pertinent to this particular project.
Each item with its associated identification number will be discussed with regard

to compliance, variances and problems referenced to the above Scope of Work.

Items 1,0, 1.1 and 1.2 are the general requirements for the machine that have

been adhered to and are Jdiscussed in detail in later paragraphs.

In accordance with requirements, the outline drawings were obtained and a
design was made to accept all M572 Fuze timer lamina. The fixture design was
particularly adapted to Plate No. 1, the 1st lamina, per stated contractual re-

quirement. Pertinent drawings for fixturing are described in Parayraph 2.1.

The equipment was desligned to meet the following minimum requirements:
3,1.,1,1 The equipment is capable of automatically inspecting any of the com-
ponents listed in Section 2, to determine the diameters, depths, thickness and

location of all holes, slots and grooves,

The computer limitation for the above capability is 32 holes and 32 features per

side with two sides per program. A single feature is used for the determination

«lla

K s

B2 A i e S e e s, i A R e b e

et o i :;,‘




BULOVA SYSTEMS & INSTRUMENTS CORPORATION

DA P S e, e o e

of one slot location or one through groove location. Two features are used for

one depth or thickness measurement.

3.1,1,2 The equipment has b .en primarily designed to inspect Plate No. 1
lamina, Drawing No., F105428(1. The inspecticn machine may be converted to
inspect any of the components listed in Section 2,0 in a time not to exceed 8

hours. These conditions are true, provided that a suitable fixture were con-

A . oo,

O =W

-

structed and a software parameter loading tape made for the next plate to be
inspected. No such additional fixtures were made as part of this project.

3.1.1.3 The equipment operates on 110v single phase 60 cycle power and

P

requires an 80 PSI filtered air supply.
3.1.1.4 The design of the prototype machine has basically been adapted to the 3

requirement of inspecting 100 piece parts an hour. This rate could be obtained
with the proposed automatic loading and unloading equipment. However funding
for this job, and Arsenal technical project direction dictated the use of ""program
to user' to solve a number of basic optical problems which were more important
than the part handling completion. 'The program controller and associated input

and output circuitry were constructed and the control program was succes sfulli “3

implemented and demonstrated. b

While the cyclic rate for 100 parts pexr hour was simulated the machine was never

put through continuous testing at this rate, However, it was determined with

Frankford Arsenal Quality Engineers that the rate could approach 130 pieces per

hour,
3.1.1,5 Fecding of components for the automatic machine was demonstrated

by the use of hand loaded magazines,
3,1,1.6 It is felt that the fundamental criteria of utilization of .«on-contact

gaging techniques has been met by this project effort. An imnage dissector scanning
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tube together with a high intensity halogen light source and a low power helium
lasrr form the basis of an optical intelligence system that enables the measurec-
ment of holes, slots and depths without any physical contact. The unique system
of utilizing a split laser beam, divided by the edge of a blind slot or hole edge,
permits the determination of depth by measuring the relative displacement of
the split laser beam separation,

3.1,1,7 All material handling components that come in direct contact with
the components to be inspected are replaceable,

3.1.1.8 The equipment was designed to operate continuocusly for at least 16
hours per day at the rate specified in 3,1.1.4,

3,1,1.9 The equipment is capable of both static and dynamic calibration,
This may be accomplished by introducing high limit and low limit plates into the
system, Project funds were not made available for the constru‘ction of these

limit plates. Calibration has been checked by noting the actual deviation from

calibrated plates with previously measured hole sizes and known feature positions,

3.1,1,10 The equipment was designed within 10% of the tolerance of most of the

characteristics to be inapected. In case of the exceptions where a iarger percent-

age of the tolerance was chosen, a compromise was established to allow for expen-

diture of funds in the direction of the feasibility of the total non-contact measure-

ment in preference to the expense of hardware with one more magnitude of resolu-

tion, However, with proper programming the gage tolerance may be taken in the

direction of the rejection,

Enentiaily the specifi :ations formulated in this paragraph together

=13~
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION -

with the ability to consistently meet these specifications determine the success
of the ultimate prodv~tion machine.

Several factors permitted variations to dec rease the ultimate reliability
and repeatability of the hardware originallf conceived for this project. The chief
problem has been attributed to the variation of position of the scanning field asso-
ciated with image dissector instrumentation. The viewing field is a function of
tube emission, voltage variations and yoke temperature variations, Size and
linearity will adversely affect the accuracy and repeatability of any given measure-
ment over an extended period of time,

To overcome some of the image dissector variations, greater physical
magnification could be used to measure a hole in sections, by having the edge cover
the whole field of view of the camera, A movement of the positioning table to
another pozition to view the opposite edge \yould yield a measurement that could
reduce all errors to the accuracy and resolution of the x-y table, The disadvant.uge
of this method is the tiras it takes to make a measurement, since slower mechanical
movements are used instead of electronic scanning,

The ultimate golution involves the procurement of a new optical trans-
‘ducer with a video element similar to a charge coupled photodiode. This device
should have the same horizontal and vertical resolution as the image dissector
and be scanned with a large scale, integrated, matrixing, sweep arrangement
under computer control, Since the picture element photodiode is physically fixed

in the field of view, the inaccuracy due to the drift of the magnetic scanned devices
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is eliminated.

During the period of development of this machine, a new generation
of solid state cameras has evolved and shown great promise to overcome insta-
bilities that contribute to deterioration of sccuracy with magnetic or electrostatic
scanned devices. At the time that this program was implemented, the above tech-
nical approaches were considered ''state of the art' and contributed to development
considerations for the present generation of instruments, To some extent, the
Frankford Arsenal closing situation allowed obsolescence due to inordinately
long periods of cognizant contractual approvals, as well as the necessity of
acquainting new government people with the program., |
3.1.2 Reliability, Availability and Maintainability (RAM) Requirements,
3.1.2.1 The inspection machine was operated for a period of 8 hours per day
for a cumulative running time of more than 40 hours to test out various (RAM)

requirements. These tests were conducted under direction of U, S. Government

engineering personnel from Frankford Arsenal,

3.1.2,2 The Mean Time Between Failures (MTBF) of the inspection machine
was shown to be gre;tgr than 6 hours and 45 minutes under a specific program
taking into account «ll useable hardware and software,

3. 1.2,3 The Mean Time To Repair (MTTR) of all useable hardware and scft-
wafe is less than 45 minutes if adequate replacement components are immediately

available,

3. 1.2.4 The inspection machine will not accept more than one out of tolerance
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION
plate of each 1000 out of tolerance plates, as the Scope of Work requires,
3,1.2.5 The inspection machine, due to electro-optical instabilities, might
reject more than one in-tolerance plate of each 1000 in~tolerance plates at this

stage of development,

3.1, 3 The basic design concept was reviewed by the Government repre-

sentatives and the design details for the prototype machine were established,

3,2,1 The Bulova Systems and Instruments Corporation has performed

all actions necessary to fabricate and assemble the prototype automatic equip-
ment for the dimensional inspection of the fuze movement plates listed under
Section 2,0 of the Technical Scope of Work and within the framework of allo-
cated funds and engineering priority directives,

3.2.2 Improvement and adjustments found necessary during fabrication
were made and incorporated into the Technical Data Package by Bulova.

3.3.1,1 A Government representative .has observed the functional operation
and testing of the machine, consistent with the considerations agreed to by the
Government and Bulova. The following information outlines the specific tests
required by the Scope of Work under Section 3,3,1,2 and 3,3,2, They are repro-
duced here for convenience,

3.3.1,2 One hundred (100) No. 1 Plates, 1st lamina, which will be provided
by the Government, will be processed through the Automatic Inspection Machine,
These plates will be recycled as necessary to meet Section 3,0 requirements.

The supplied plates will be 100% inspected by the Government and an inspection

-16-
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[ report will accompany the plates, Each plate will be identified for referencing

with the inspection report and a predetermined number of plates will have selected

. features out-of-tolerance,

. 3.3,2 The Government will verify that the requirements of this Scope of

! Work have been met by subjecting the inspection equipment to the above test,

Data collection will be determined by the Government to provide adequate infor-
mation {or necessary analysis and evaluation,

Due to the closing of Frankford Arsenal (Item 3, 3,1, 2) the tests
outlined above were not performed. One hundred (100) calibrated plates were
never made available, The data collection called for was not obtained or analyzed,

However, the machine was subjected to testing by Government engineers {from

¥ Frankford Arsenal and Picatinny Arsenal and was found to be operating in the

o manner described previously, (See Appendix F) Also an additional effort was funded
to study the adaption of this machine to plates on a different fuze program with a cor-

responding change in fixtures and programming. The study, if successful, could
lead to a testing program with the new fuze plates instead of the old since circum -

stances prevented the completion of the original test program.

3.4.1 At the.present the Technical Data Package includes all data developed,
and an operational manual and maintenance information, Drawings of the inspection
machine are made in commercial format. Documentation appears sufficient for
this prototype machine, However, if a new improyed machine is constructed, at

some later date, a separate documentation revision should be made and an overall
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION
r separately funded effort should be made for a completely integrated manual

accounting for the cost of technical writers, manual preparation and duplica-

ting materials,

Contract Implementation Schedule in accordance with Scope of Work

3,5.1

was delayed due to various factors. Vendor delays were reported and the closing

S IR o

of Frankford Arsenal with associated project management changes during the

i A e

closing resulted in significant slippage in calendar time,

i e Lk g AT

=18«

. .

A panat e RSN T e o A . . . .

A RN N N il 5 4 T bt L T e st L AR
s T




R T L T T N T T R W R TR T

RIS AR 20U A R B

o
J".v BULOVA SYSTEMS & INSTRUMENTYS CORPORATION

s

EE)

e b M ol S o TR D Sk ot ek O,

| APPENDIX A
b ENGLISH PROGRAM DETAILS

: L AND ;
i LOAD/UNLOAD SEQUENCE i
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B FIGURE 1 .
- 3
ENGLISHH PROGRAM DETAILS f
[ Plate No. I  First Lamina Side 1 Pirt 1054252) :
Name INS Left Sice i
£ 4
N
‘ 1. Insert Lamina "’i
,‘ 2. Orient Lamina 3
E- t, 3. Hole A Routine determine axis, center of hole, diameter 0/0 »’3
" 4. Move table to B -. 7450, 1,1968 Measurement Routine (MR) 3
& 6. (MT) N -. 3740, ~.0709 (MR)
7. (MT) 8 -.2604, +, 8565 (MR)
8.  (MT) 11 +.0450, +, 3229 (MR)
1,-; 9. (MT) 12 +,2265, +.7559 (MR)
a 10, (MT) 14 -,2835, +, 6494 (MR) (CHORD) ;:
N . 1. (MT) 20 -.266), +.4153 (Ref)  (MR) (SPECIAL PO3:TIOX) N
BN 12, (MT) 22 2760, +,4034 (MR) :
- 13, (MT) 26 -.7840, +.0717 (MR) N
S 4.  (MT) 34  -,4645, +.5474 (MR) (CHORD) o
| i B 15,  (MT) 35 -1,0240, +.7934 (MR) ! 3
S 16,  (MT) 45  -,8505, +1.0589 (MR) Y
S 17 (MT) 48 -,4450, +1.1694 (MR) 3
I k 18,  Light #2 Change i
A 19.  (MT) 853,85,86 (MR) CONTOUR 3
;;% e 200 (MT) 84, 66 (MR) CONTOUR |
R 2. (MT) 90  -.4522, +.0613 (MR)
| 22,  (MT) 91  -.5610, +.1311 (MR) !
N — 23,  (MT) 103 -1,0540, 4264 (MR) j
SRS 24,  (MT) . Side Hole (MR) with mirrar -
* ] 25, (MT) Main Diameter (MR) _ Ii
4 L 26. (MT) Edge Hole adjustment slot AA stot (MR) f
L
1S
2
1NN
|
N S
3 A2
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Plate No. 1 First Lamina Side 2 Part 10542621
}. .
1, Mowve table. Rotate {inture, i
2, Reorient Lamina b
2 3. Hole A Routine determine axis, center, of hole diameter 0/0 1
4, Move table to B (MR) _é
. 5.  Move table to D (MR) )
b 6.  Move table to N (MR) !
7. (MT) 8 (MR) i
I 8  (MT) 1 (MR) ki
! 9. (MT) 12 {(MK) Counter Bere &
10, (MT) 14 ) (MR) Diamicter chord 4
! 11, (MT) 20 " (MR) Critical centcr 4
o 12, (MT) 22 {MR) i
: T 13, (MT) 26 (ME) Counter Bore ;
{ 4. (MT) 34 (MR) Chora 1
4 15, (MT) 35 (MR) i
3 - 16, {NST) 45 (MPR) Counter Bore (
{ 17, (MT) 48 (MR) }
A S 18, (M.T) 90 (MR) j
1 19, (MT) 91 (MR) i
{ 20, (MT) 103 (MR) o
. 21, (MT) Large thru slol Spin Detent. (MR) :
i s 22, (MT) Small thru slet. Spin Detert. (MR) !
' { ' 23, (MT) Large thru slot. Self Starter. (MR) 1‘
3 O 24, (MT) Small thru slot. Self Starter. (MR) :
g . 25, (MT) Section "BB', Slot dimensions and depth. - 3
. 26, (MT) Edge Square (MR) Lincar
21, (MT) Adjusting Block slot (MR) Linear |
28, (MT) Spin Detent slot {(MR) Contcur Depth )
29, (MT) Large oblong (MR) :
30. (MT) " Small oblong (MR} |
31, (MT) Self Starting slot (MR) Contour Depth j
3z, (MT) larpge oblong {MR) i
33, (MT) Small oblong (MR) 1
34, {MT) Contour center land D hole (MR) {
35, (MT) Main diameter (MR) {
36,  (MT) Thickness (MR) /
317. (MT) Rzorient Lamina .
38. (MT) Remove Lamina ]
39. (MT) (Sort Lamina) 3
A3 '1
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Switch

Switch
L adteh
Solenoid

Switch
Switch
Solencigd

Switch
Switch

Switch
Switch
Solenoid

Motor
Motor
Motor

Solenoid

Switch
Switch
Solenoid
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FIGURE 2

LOAD / UNLQAD SEQUENCE

AUTO INSPECT MACHINL

o

8/9

10
11

12
13
14/15

16
17
18

19°

20
21
22/23

Tray in Position

Lift Rack Down
Li{t Rack Up
Lift Rack Cylinder

Extended
Retracted, also empty compression
Part Unloader Cylinder

Position, Bottorr Detector
Position, Top Detuctor

Extended Position
Retracted Position
Transfer Cylincer

Vertical Positica
Top Horozontal Position
Bottom Horozontal Position

Air Blast

Extended Position
Retracted Position
Slide Deposit Cylinder
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- Switch 24 Deposit in Placement Position
Switch 25 Placed on Orientator é
F ¥
- Switch 26 Orientator in Load Position 3
v Switch 27 Orientator Locked gg
‘ F Sensor 28 Piece Part in Nest Position, 5
-t Move to Inspect, *1_':
‘ f Sensor 29 Rotate 180 Degrees }
! Sersor 30 Locked Nest Rotation 'g
Sensor 31 Oper. Nest to Rotate
= Solenoid 2-way 32/33 Lock and Open Nest Air Cylinder 3
N Sensor 34 Insert Position Lock
- Sensor 35 Pin Extended ki
Sersor 3¢ Pin Retracted :
Sensor 37 Piece Retracted A
Sensor 38 Piece Part in Retract Arm §
Sensor 39 Picce Part Retracted Position ]
Solenoid 40/41 Air Cylinder Retract Parts {
Sensor 42 Part in Position for Pickup to mount on
- Position Shuttle i
Solenoid 43 /44 Air Cylinder Stack i
* Sensor 45 Stack Shuttle Cylinder Extended i
Sensor 46 Stack Shuttle Cylinder Retracted. i
(Shuttle Full) £
Solenoid 2-way 47/48 Lift Rack Cylinder ]
Sensor 49 Lift Rack Up
Sensor 50 Lift Rack Down _
Solenoid 2-way 51/52 Air Cylinder Eject Bad Position
Sensor 53 Ejector Extended
Sensor 54 Ejector Retracted
Tray 55 Position to receive Parts
Tray 56 Full ?

Tray 57 Empty *?
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True Position Tolerance Considerations

.’"_.‘T'

The inspection machine has the capability of allowing position tolerance A
conditions to be satisfied in accordance with two standard acceptance techniques.,

a

An "'S" or an "M" feature designation is selectable by proper input instructions

7

with the HTAG1" and "HTAG2" the system commands for the 2 nests which ;
accept the top and bottom surfaces respectively of the test specimen, Eﬁ
The following two measurements Regardless of Feature Size "S" and i

g Ty
SR WX

Maximum Material ''M'" are described in the following two pages.
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Step 1
Step &
Step 3
Step 4
Step 5
Step 6
Step 7

Step 8a)

Step 8b)

Step 8c)

RegarMiess of Feature Sine @

Meusure hele sivse of Datuin-A~, If witlin hole tolerance, procced.
Center hole, “ ' '
Move to hole s','-i.
Mecasure holc .siza of hole #1, If within hele tolernace, proceed,
Center hole {1,

Measure X&Y co-crdinates

Compare with data for nominal position,

I' data in step 7 is same as nominal data record X&VY co-ordinates

in Step 6.
If data in step 7 is different than noming! data do (], following:

Take diffcrence of X&Y co-ordinates and caleulate true position

Z=2 \}Xz + Yz

Compare Z in step (8b) with drawing true position tolerance,
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Mecasure hole gize of Datvin-A-, If within hole toleranece, proceed.

Mezrure bele size of hole 1, If within hole tuierance record sclual

Add difference 'between min dwg size and actual hole size to p&aitioml

.

r
Step 1
f- Step 2 Ccuter holc,
B Step 3 Move to hole 1,
- Step 4a)
size and procced,
Step 4bh)
tolerance.

) _‘{'?j Step 5
. Step 6
( Sicp 7

{_]‘ Step 6a)

[— Step 8b)

L’"l Step 8c)

Center hola l
Mecasvre X&Y co-ordinates,
Comiprre with ¢ata for nor.inal position,

If datr in step 7 is same ap nenuinal data record X&Y co-osdiuutes

in Step 60

1f data in step 7 is different than nominal date do tl.e following:

Take diff2rence of X&-Y co-ordinates and calculate true pgaition (Z)
zi\X? + ¥2
Compare Z in step (8b) with (Step 4b) true position tolerance,

Example 12 Hole

drawing position tolerance.

B R T T S Y r .
N I Cla e

, .
PVTSN IT . ;

eaty Ll s : i
il LR el 820, @ el S gt B g

3 ot Mg

N Diff, of |
S Hole X 1 X Posn, Tol. | __Hole Size __| Hole Size _ .
D +.005

et 12 .2285 | .7559 | .0056 M a3 =

Actunt| 12 .2288 | .7556 | 2=.00085 . 14062 .0032

1-Check hole Dia, (. 1462)

Min) : .
2-Add difference between drawing tsominal hole scze and actual hole size to

(. 0032 + . 0056=, 0088)

3-Comipuic actual position tolerance (Z)=, 00085
' ) Bt .
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GENERAL

All linear measurements are made using a software program which causes
a line scan across any selected area of a part. As the scanning point
passes through an intercept on the part being inspected, this intercept is
stored as a digital address in the computer memory., After this single line
scan is complete, the co.nputer calculates the straight line distance between
two points or intercepts c¢{ interest and displays or stores this dimensional

information in units of inches or millimeters as calibrated.

An intercept is a transition from a light area to a dark area, Two intercepts
are needed to form the length of a line by calculating the straight line distance
between the transition points. Any edge or transition may be defined as a |
f{eature, A combination of transitions may also be defined as components of a
feature. Each component must have assigned limits for tolerance determina-
tion. A non-circular hole may be inspected as a combination of transition

points and accepted in this manner.
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HOLE MEASUREMENT
A hole measurement is made by a routine first determining four chord

lengtks of a hole feature within the optical field of the digitizer camera,
These chord lengths are at an angle of 45 degrees to each other, Proprietory

routines within the computer analyze the digitized optical results and

determine a hole center, Once the hole center is determined, another routine

determines the length of four diameters through the derived hole center.
The quantitized diameter lengths are then processed to be presented as

a four diameter or averaged diameter under program option control,

The operation of the Comp - Gage optical inspection head is described in greater
detail in Appendix D.
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COMP-GAGE OPERATION GUILE

Operation of the COMP-GAGE is logical and uncomplicated. 1In
general, normal) conversational words are used to direct it
through various learniny and inspzction stages.

The COMP-GAGE possestes core memory and uses paper tape and
a teletype reader to acquire intelligence and perform analytical
tasks.

Under normal operating conditions, the computer will retain
its memory even with a loss of power, but if for any reason
should the memory be lost, reloading the program is simple
and follows these basic steps:

l. Place the power switch key to ON.
2. Move teletype reader switch to FREE.

3. Position program loader tape on the feed
holes and thread into reader.

4, Position tape leader until loader tape
feeds to just before the punched holes.

5. Place all numbered octal switches DOWN,
and the teletype reader switch on START.

6. Set octal switch 12 UP.
7. Depress program load switch.

8. When the tape stops, remove tape and place
.tape reader switch to FREE. (Should the
tape jam or foul while reading, depress STOP
button, rearrange tape and depress CONT.INUE
switch to finish reading).

9. Place COMP-GAGE program tape in the reader
and prepare it in the same manner as the
loader tape.

10. When the tape is ready for reading, place
all numbered octal switches in the up position
except switch § and 1 (37777 octal) = 16 K)
must be down.
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,fingw ' next sequential COMP~GAGE program. If
Lok v 2% finished, go to step 13 and the COMP-GAGE
ﬁv,‘fwhds system should be ready for operation. 1If
ik : t t and go to step 1l1l.
15 EI not, load nex ape g P .

11, Depress START (tape will feed).

12. After tape is read and removed, load the

¥ 13. Pplace all octal switches down.

14. Place 7 and 10 octal switches up (440 octal).

COMP-GAGE is ready for operation.

ATRACE: A Trace

This comniand causes the scanning system to perform an A-
Trace measurement horizontally across the center of the
scanner's field. An oscilloscope must be used to monitor
the X position vs & data intensiiy. As an exanple, scanning
from right to left over an edge (light to dark) in a half
white, half dark field, an A-Trace would appear as follows:

The sharper the transition slope, the better the focus. To
exit, simply depress any teletype key and the prompt will -
return and the A~Trace will cease.

AUTO: Automatic Inspection Mode

This command automatically runs the currently trained instructions
to perform the requested measurements any number of times on

the inspection system. Once this command has been issued,

the teletype will respond with AUTOMATIC INSPECTION. This

. tells the operator that the automatic mode is active. To

start measuring. the operator must type the command RUN (see
RUN COMMAND). The system will sequence through without
interruption, initiating printouts as selected through the
TYPE commands, and determining FAIL or PASS conditions on
the present part. In order to exit this mode, simply block
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the part so that light cannot pass through the datum holes

and the system will return to the prompt. In order to
delete AUTO operation, type MANUAL, and see MANUAL command
instructions. SIDEl, SIDE2, MANUAL, BYPASS® and AUTO are all

related commands.

BYPASS: Bypass Instruction

This command is used for system checkout of the load seguence.
After typing BYPASS, the system will respond with BYPASS

“ON". The operator now types RUN. The system will now
sequrnce as follows:

(1) Drive table to true HOME position.
(2) Drive table to initial set position for
loading

(3) Waits until SIDE 1 ready initiates
"(4, Retracts table

(5) Side 1 done pulses

(6) Side 1 OK

(7) Waits until sSide 2 ready initiates
(8) Side 2 done :

(9) 8Side 2 OK
(10) Prompt returns for operator

To exit the BYPASS mode, see RESET command.

Make sure ISET and RSET have been previously issued before
using BYPASS.

CENTER: Center Boresight Cross

This command simply places a center marker cross on the
monitor system or.oscilloscope to physica.ly center the
boresight to some reference. Striking any teletype key
exits back to the prompt.

CLOSE: Close Upper Laser Shutter

This command allows the operator to control the upper laser
height measuring shutter through a teletype input. In this
case, the shutter will close if opened or remain shut if
closed. See OPEN command. '

DATA: =~ Data Output
This command allows the operator to typeout all the currently
measured data from the last part measured. Only those items

specifically trained for inspection will output. Upon
completion the operator prompt (*) will return.
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g i '- DEBUG: Debugger

This command allows the operator to enter the resident debug
P program. To operate this feature consult the Data General
Lt Debug II User's Manual 093-000020-03 for a complete description
of system modification. This program providec, for four

o active breakpoints within the user's program. The accumulators,
- carry, and memory locations can be examined and modified

' from the teletype. The machine state can be monitored

. during execution using simple commands. In addition, this

r program will punch ranges of memory in formst acceptable as
input to the binary loader and perform desk-calculatcs type
expression evaluations. In order to exit back to your

pl program from this routine type 44f8R. The prompt will be
L. restored.
P_ DISTl: ﬂistance Analysis Side $1l

. This command allows the operator to output the currently
h‘ measured distances for side #1 on the teletype. The return
b will be back to the operatoi prompt.

DIST2: Distance Analysis Side §2

Ly

e e N . > S P

Samec as DIST 1 except for Side #2.

pror——y
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DRIVE: Drive XY-Table to Fosition

B e S-S

The DRIVE command allows teletype control of the XY-table
-  movement as specified by the XYTABLE command.

2y

e
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FDATAL: Peature Data Side #1

This command allows feature data for a specific number *o be
analyzed. The operator issues FDATAl. The systcm responds

with FEATURE #. Any number from 1 to 32 is allowed any

other number greater than 32 or an alphanumeric will cause
return to the operator prompt. All legal numbers are terminated
by a carriage return. The selected output will then type

out. The header information appears only once and the

sequence of inputs will repeatedly occur until the operator

wishes to exit this mode.

T

FDATAZ2: Feature Data Side 2

Same as for FDATAlL but now for Side 2.
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FLOCl: A Feature Location Specification Side #1

This command allows the operator to input the starting and

ending address of a feature line directly into the system

memory. Upon typing this command, the system will respond

with SIDE $1 PLCATURE #. Any number frcn 1 to 32 is acceptable,
all other number or characters will cause a return to the

system prompt (*). After typing the number, type a carriage
return. The system will respond with the following abbreviations:

SAX: Startinc address in X
SAY: Starting address in Y
EAX: Ending address iu X
EAY: Ending address in U

After SAX: the system will print the present value followed
by a comma. The new value is then input with éither + or -,
the decimal point need not be input for integer inputs, type
only those numbers needed followed by a carriage retuirn.

The system w.ll sequence through the same responses for Say,
EAX and EAY. If you should make an error while typing your
new numbz2yx, depress the RUBOUT key and then type in the new
entire number. The RUBOUT key may be used an indefinite
number of times on a line. If you do not want to modify an
opened address, then simply strike the ESC key and the
current contents will remain intact. Exit from this mode
has been previously described. ~

These inpute are the twc points between which the scanner
will determine where the selected feature exicsts on the
straight line between (SAX, SAY) and (EAX, EAY) coordinates.

FLOC2: Feature Location Side $2

This' command is the same as FLOCl except that inputs for
side 2 are entered.

FTAGL: Feoture Tag Side {1

This command allows the opérator to select an alphanumeric
tag for each feature input for easy measurement recognition
on the printout. Any keyboard character is allowed except
carriage creturn which terminates the input string of up to
s%x characters. The preferred method of ‘nput is very . .
simple. Upon typing, FTAGl, the system will respond with
TAG ID #. Any number from 1 to 32 is legal. These numbers
correspond to those selected when using FLOCl or FLOC2
commands. After the number is input, follow it by a carriage
return. The system will respond with: ]

NOW: XXXXXX NEW:
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The current tag is printed after NOW: and the system waits
for a NEW: input from the teletype. Type in the new tag.
If less than six characters, type spaces until the system
prompts again. Any illegal number or key following the TAG
ID § guery will return the system prompt.

FTAG2: Feature Tag Side #2

Same as for FTAGl except for sidg 2 p-ointout tags.

HDATAl: Hole Datu Locatior Analysis Side #1

Same as for FDATAl except for holes instead of features for
side 1. :

HDATA2: Hole Data Location Analysis Side $2

Same as for FDATAl except for holes instead of features for
side 2.

HIGH#1: Height of Depth Control for Side §1

This command allows the operator to anzlyze features with
the overhead laser to measure depths on the part surfaces.
All features should be entered consecutively through the

. FLOCl1 command. This command allows the operator to seiect
where, after all features have been analyzed, the following
features will be interpreted as depths with the use of the
upper laser system. When this command is issued, the system
responds with:

HEIGHT #1 COUNT BEGINS AT FEATURE #§
The operator answers with the tag number where the depth
measurements will occur followed by a carriage return. The
numbers must be between 1 and 32. For no depth measuring
type in 32. The system will return the prompt after the
number is input.
HIGH#2: Height of Depth Control for Side #2 ‘

Same as for HIGH#l command except Side ? count is input.

HLOC1: Hole Center Location Side #1 Inputs

This command allows direct input of hole center locations to
system memory. The system responds with HOLE # and waits

‘ o
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for a legal input as described previously in FLOCl. After a
legal input, the system asks for XC and YC.

r‘rl' XC = X-center location
YC = Y~center location

After either XC or YC, the system will printout the current
values resident therein and await a new input. (See FLOCl

for input discussion).
F» Any illegal number or alphanumeric answer to HOLE # will

exit to the system prompt *. Holes 1 and 2 determinc. the
datum line correction and must be entered before any system

Y operation can occur.

.
1
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BLOC2: Hole Center Location Side #2 Input

Same as for HLOCl except for Side 2 inputs.

HOME: Home XY-Table Position

o T A e AT T R S B B T

This command causes the XY-table to return to its home
position.

R

HTAGL: Hole Tags Side 1

This command executes exactly'like FTAGl except that hole
tags are input for Side §1l.

R S P PN

P in first position governs printing of that line. An S or
M in the second nosition designates the hole measurement types.

PS,#12 means print, S-hole #12

s i e o

HTAG2: Hole Tags Side §2

Same as HTAGl except for holes.

INITIAL: Initial Load Position P

This command causes the XY-table to proceed to its initial o
position as specified through the ISET command. The initial !
position is initially set at point (1, 1) inches when the

program is originally loaded.

@
1+ Schiumbarges.
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ISET: Initial Set Position '

f? The ISET command allows the operator to program the XY-table
oot to ... "nitial position for loading. The ISET command when

;. issuga .1kes the current values specified under the XYTABLE
P command or its current location to be saved permanentiy as
. an initial position. After this command is typed, the

: system response will be LOAD POINT SET, and return to the

operator prompt *.

!
-1

LOCATE: Locate Present XY-Table Position

b This command cavses the system to printout the current Xy-
table location.

MANUAL: Manual Mode

This command is used in conjunction with the AUTO command to
allow one pass measurement of both sides and then stop for
further commands. When this command is issued the system
will respond with MANUAL INSPECTION, and return for more
commands. This mode will remain set until the AUTO command
is issued to change modes. The normal mode upon system
initialization is manual at program read in time.

NORMAL: Normal XY-Table Operxation

This command allows the XY-table to have its measurements
referenced- to true HOME position. When the system is initially

read into-memory, .NORMAL is the usual mode.

OFFSET: Offset From Home Operation

This command allows the operator to not use the home position
of the XY-table as a reference but another point on the

table declared as (0, 0) offset from true home. The offset
‘'operation allows the operator to directly enter locations
into the system memory from the part drawing. The only
points that must be determined are the -initial point and the
location of the first datum hole with respect to the true
home location. Once these are found, all cther measurements
will be relative to the first hole of each side. The system
will respond with OFFSET "ON" when this command is issued.
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OPEN: - Open Laser Shutter

This command causes the upper laser shutter to open and stay
opened until either closed by the CLOSE command, or causing
the Xy-table to drive. The system do&s not print any response
to this command but the shutter wili wpen.

PUNCH: Punch Trained Information Parameters

This command allows paper tape punching 2f the trained
information within the system for retr2ining the system, the
exact same way at a later date. The PULTH commund is issued
and the computer will halt allowing tims for the operator to
turn on the punch located at the left hznd gidz2 of the
telctype. If some leader is desired, place the teletype
switch on LOCAL, turn punch on, depress tha "HERE IS" key
until the desired length is reached. zut teletype switch on
“ON LINE". Depress the CONTINUE swit<ch on the computer
switches and the system will make & binary tape of the
pertinent information. When completed, thi computer will
again halt. Turn off the punch and depress CONTINUE. The
system prompt * will return,

If the operator desires to stop tunching at anytime, placing
Bit #§ “ON" via the panel switchazs will cause the system to
retrn to the operator prompt. The system will return only
after the current data block is finished punching.

RDOS : RDOS Return (RDOS ONLY)

This command allows the operator to return to an RDOS operating
system. The operator must then hit CTRL-A or CTRL-C for
exiting. Thie program comnind will appear to make the

system inoperative in an S0S environment. Just STOP and

‘START the program again.

READ: Read Binary Tapes Into System

This command allows the operator to read binary tapes via _
the teletype reader. The NOVA program loader must be resident.
Load the binary tape into the reader, set SW = 37777, type
READ, and the system will automatically read the binary tape
and halt when finished. Place the starting address of this
program on the NOVA switches (44ng) and depress START. The

system is again operative with thé new information just read
in present. .
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RESET: Reset Bypass Switch Mode

This command causes the BYPASS mode command to be reset for
normal measurement operation. After issuing this command,
the system responds with BYPASS "OFF" and returns the prompt.
See the BYPASS command for initialization and operation of

this mode.

RETRACT: Retract XY--Table

This command should be issued only after RSET has been
initialized. After this command is issued, the system will
respond with no confirmation but the XY-table will proceed
to the preset retract point for part manipulation. The
system prompt will automatically return when retraction is
complete. See XY¥-table command and RSET for setting this

position.

RETRAIN: Retrain Datum Line Angles

This command causes the system to reset all datum calculations
for positioning to zero, and allows the operator to make )
another or new pass with new datum corrections. The system
will respond with ANGLES RESET.

RSET: Retract Point Set

This command operates exactly like ISET except the retraction
point is set and the system will respond with RETRACT SET.
See ISET for transferring values from XYTZBLE via RSET.

RUN: Run Mode
This command starts the measuring seguence:

(1) Xy-table goes to home

(2) Xy-table goes to ISET position

(3) Wwaits for ready signal for Side 1

(4) Moves to first datum hole

(5) Measures the center and four diameters
(6) Moves tc second datum hole and does (5)
(7) Computes datum line angle and position
(8) Measures all remaining holes

(9) Measures all remaining features

(10) Measures all remaining depths

Lo
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q4 1 (11) Outputs information if desired

1 (12) Retracts to RSET position
' (13) Gives out side 1 OX or fail signal and side 1 done

(14) Wait for side 2 ready signal

(15) Kkepeats steps (4) to (l1) except for side 2 data

| I  (16) Repeats steps (13) and (14) except for side 2 data
- (17) If in manual mode, the system returns to *

L (18) If in automatic mode, go to (1)

il RS e b,

, ?; The system will also return to itself if an error message is
encountered.
SCAN: Scan 256 x 256 Real Time Raster

MR
Sl

This command allows the operator to cause the scanning
system to display a real-time picture of the scanning area
on an oscilloscope or monitor for visual verification. The
scanners rate is 5 frames/sec. with 256 x 256 points/frame.
To exit +his mode, the operator simply depresses any teletype
key. The system prompt will then appear as the scanning

stops.

et R,

e e 2

SIDEl: Side 1 Start

CoLe This command simply allows Side 1 measurements to immediately
. start with no initial position movement or external signalling.
o The program will measure Side 1 and then wait for siqnalling

g for Side 2.

P T IO T T I T e o o
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- b SIDE2: Side 2 Start

This command directly runs Side 2 measurements with no i
external signalling and returns £o the system prompt when g

completed.
1

STOP! Stop Program

‘Issuing this command will cause a total program halt. To
return, simply depress the console CCRTINUE switch. The

system is now again operational.

TDIAY: Tolerance Diameter Side 1

' - When this command is issued, the system will respond with
HOLE SIDE 41 TOL. O and await for a number from 1 to 32
followed by a carriage return. Any other character will
exit to the system prompt. If a legal number is typed, the

““—0;.“'.. !
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operator may now type the lower and upper tolerances on that
hole diameter number. The inputs are the same as those
described previously under FLOCl.

TDIA2: Tolerance Diameter Side 2

Same as TDIAl except for Side 2.

T4DIAl: Tolerance 4 Diameter Holes for Side 1

This command allows separate inputs for 4 diameter tolerance
anslysis on holes 1, 2, 3 and 4. Each diameter, taken at

45~ from each other, are individually tcleranced against
this input tolerance. This command responds with HOLE 4-DIA
TOLt and awaits for a 1 to 32 input followed by a carriage
return. Inputs are the same as for TDIAl.

T4DIA2: Tolerance 4 Diameter Holes for Side 2

This command is exactly the same as T4DIAl except for Side 2
measurements., :

TFLOCl: Tolerance Feature Location Side 1

This command allows the operator to enter feature tolerances
to both the X and Y position of the feature coordinate. The
system will respond with FEATURE SIDE #l1 TOL# and await for
a 1 to 32 input with a carriage return. The system will
respond with X-LIW: +X.XXXXX, and await inputs as discussed
in FLOCl. After this number is input, the system will
sequence through X-HIGH:, Y-LOW:, and Y-HIGH:. To exit
simply type any key that is an illegal answer to the first
query. .

TPLOC2: Tolerance Feature Locations Side 2

This command allows inputé the same way as for TFLOC1
excepot for Side 2 features.

THLOCl: Tolerance Hole Locations Side 1

This command is exactly the same as TFLOCl except the first
prompt will be HOLE SIDE #1 TOL{# and all other inputs are
the same as for the features except now they correspond to
hole center positions.
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THLOC2: Tolerance Hole Locations Side 2

This command is exactly the same as THLOCl except for Side 2
measurement hole center locations. .

TYPE: Type Output Analysis

This command sets all printoats to be operable and the
system will answer with PRINTING "ON", and rcturn to the
system prompt. '

TYPED: Type L'istance Data

This command allows distance printinc only. The system will
respond with PRINTING “ON".

TYPEF : Type Diameter Data

This command allows all diameter measurements to be printed.
System will respond with PRINTING "ON".

TYPEH: Type Hole Data

This command allows all hole data locations and diam.ters to
be printed out. The system will respond with PRINTING “ON".
TYPEL: Type Featvre Location Data

This command allows selective typing of all feature data.
The system will respond with PRINTING "ON",

TYPE 4: Type 4 Diameter Analysis

This command allows all 4 diameter tolerance analysis to be
typed. The system will respond with PRINTING “ON'.

TYPEN: Type Nothiné
TYPEND: Type No Distance Analysis
TYPENF: Type No Diameter Analysis
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TYPENH: Type No Hole Analysis
TYPENL: Type No Feature Analysis
TYPEN4: Type No 4 Dia. Analysis

All of the previous commands cause the teletype printouts to
be inactive. Their corresponding initializations were
previously discussed. The system will respond with PRINTING
*OFr". '

XY-TABLE: XY-Table Position Input

This command allows the operator to enter the coordinate
pos.ition, in inches, that the XY-table should be moved to
before making any measurements. Simply enter the values as
prompted and terminate them with a carriage return. (See
DRIVE, ISET and RSET)

ZERO

This command allows the operator to use any point on the XY-
table to be a zexo or home reference (f, g). If, however,
HOME is issued this reference is set equal to the true home
position. ‘ '
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s 2

;* ATRACE
1% ALTO
3% BYPASS
3* CENTER
3+ * CLOSE
3* DATA
;* DEBUG
s* DIST 1
3* DIST2
+* DRIVE
;% FDATALl
;¥ FDATAZ2
:* FLOCl
s* FLOC2
:* FTAGL
;¥ FTAG2
;% HDATAL
;s* HDATA2
3* HIGH#1
1* HIGH§2
s* HLOCl
s* HLOC2
:+* HOME
:* HTAGl
:* HTAG2

s* INITIAL

3* ISET
:+* LOCATE
;¥ MANUAL
;1 * NORMAL
:+* OFFSET
;* OPEN
:* PUNCH
;* RDOS
s+ * READ
;¥ RESET

;* RETRACT
;+* RETRAIN

:* RSET
:* RUN

:* SCAN
:* SIDEl

OPERATING AND ROUTINE COMMANDS

DO A MANUAL A-TRACE
AUTOMATIC OPERATION MODE

BYPASS INSPECTION

CENTER BORESIGHT CROSS

CLOSE LASER SHUTTER

ANALYZES DATA FORMAT

ENTERS EMR TTY DEBUG 1

ANALYZE DISTANCES SIDE #1

ANALYZE DISTANCES SIDE 42

DRIVE XY~TABLE TO POSITION
FEATURE DATA SIDE #1

FEATURE DATA SIDE #2

FEATURE LOCATION SIDE §1

FEATURE LOCATION SIDE #2

FEATURE TAG SIDE #1

FEATURE TAG SIDE #2

HOLE DIMENSION ANALYSIS SIDE #1
HOLE DIMENSION ANALYSIS SIDE §2
SIDE §1 DEPTH CONTROL SWITCH

SIDE #2 DEPTH CONTROL SWITCH
ENTER HOLE CENTERS SIDE #1

ENTER HOLE CENTERS SIDE #2

HOME XY-TABLE POSITIONING

HOLE TAG SIDE §1

HOLE TAG SIDE #2

INITIAL LOAD POSITION

INITIAL POINT SET

LOCATE XY-TABLE POSITION

MANUAL OPERATION MODE

NORMAL TABLE OPERATION

TABLE OFFSET CONTRGL'

OPEN LASER SHUTTER

PUNCH TRAINING INSTRUCTION

RDOS (DISK OPERATING SYSTEMS ONLY)
READ INPUT TAPES MADE BY PUNCH
RESET TO AUTO MODE

RETRACT FOR FLIP/FLOP OF PART -
RETRAIN DATUM LINE ANGLES |
RETRACT SET o o
EXECUTE PROGRAM ANALYSIS . |
RASTER SCAN (256 x 256) \
START AT SIDE ONE |
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SIDE2
STOP
TDIAl
TDIA2
T4DIAL
T4DIA2
THLOC1
THLOC2
TFLOC1
TFLOC2
TYPE
TYPED
TYPEF
TYPEH
TYPEL
TYPE4
TYPEN
TYPEND
TYPENF
TYPENH
TYPENL
TYPEN4
XYTABLE

- ZERO

START AT SIDE TWO

STOP ALL EXECUTION OF PROGRAM
ENTER SIDE #1 DIAMETER TOL'S
ENTER SIDE #2 DIAMETER TOL'S
ENTER SIDE #l1 4-TOL DIAMETERS
ENTER SIDE 42 4-TOL DIAMETERS
ENTER HOLE LOC. TOL'S SIDE #1
ENTER HOLE LOC. TOL'S SIDE $2
ENTER FEATURE TOLERANCES SIDE 1
ENTER FEATURE TOLEKRANCES SIDE §2
PRINT ALL DATA ANALYSIS

TYPE DISTANCE DATA

TYPE DIAMETER DATA

TYPE HOLE DATA

TYPE LENGTH DATA ANALYSIS

TYPE FOUR DTA'S ANALYSIS

TYPE NOTHING

TYPE NO DISTANCE ILNALYSIS

TYPE NO DIAMETER ANALYSIS

TYPE NO HOLE ANALYSIS

TYPE NO LENGTH ANALYSIS

TYPE NO DIA'S FAILURES

XY~TABLE INPUT

ZERO CURRENT XY~-TABLE REF POINT

D17

g el o e L
it P bt S e s RO S e

A T
N - S - ST Y

ST L e ke T




R A0 1 A RIAC O AN Y i e s A PR MMt

T Seis 7 L

e PN g ‘e
:..}{,'.7_1'.9_,.__/_32../?{@ foewT TR DPRK MESsmeE . . .

- o m——— -—— o ——

- :—:"1

__"-'.-,_cAAﬂ -2 Y S ¥ K.d CRTLN Sl e e e

- — . —————— — - % W e A @+ wser i - ——ema R YR S

LoenTre P o— MESS AE By eSS

D e e s e v—— —— —— - b i ® | - by 5 ——

SoEri s 1302 Jessr /. wey
_D_céS?‘f?Z 2577/ / 6727 / 70/ B B

g BEE 25 el

. - e maamtn e e

R e e A R b i il S AR B BTN it

R el W o . Y i § S ¢ e S s e bl m WL W e em  ma b omw e AL 8

‘Aaa@?‘/w HM‘ &w max) [/ygs ////e,sv" RocpTre _Use,
/)rl;h.s,m, L"M /—mfm wueses. . = 5'07"-66./7%

_J e gt
j _______a»?"__a,v\/d .__.-/éK -_- 37>>7346@Q.L/M$ e
&2:7//W’6= Aertt Ty / e —

T W e ey -

riercteal,

GTHS= '3/{;&
ool O T320 e e -

—“—.—-—.— -——— e ¢t —— — -

5 —!‘-'»'.'?7%'-—3[';,,'?-.-4---a;;/?/’pexfrm- -ﬂbﬁh--/ —fhole - DoprrelCrse
L USe—H Lo | ..o (IauuFPT' Deamn e pf TO.0CTFre+~ /(,'{’,__
i _f______é,«;é; VI8 E-5  _ . o XC. CGo0BIVAITE . ?!' //',«_é«'#/

‘? f 11204’506- MEPE !
_EABT PE o WTEXTS %,Lo‘c‘g‘é/m Mk + Hal +/’M

HC.. 2. 4453 /0(365 X g8 et e+ e et e e e )
1 ditiz pudsy [adsae e

et e— ——] o

BT 5 D:é‘, HIDE —

ﬂ;-FﬁTE.e CrelEsT DI m Hre #///47446/ Sl T jpew
1D Depvg HeDo. ~ FiKD, CoFAX = [6 553//0’365/«/. 03¢5 2
momfw@m omS) CoFaxdz 1bssy/ JoSwr 179442 ]

. H&-c.‘/

1 et T - 2

) e o e W G e —tam - A

’Ccvfz %.('—{ el D/AS o )(FAC.T" /‘1‘5/0 /0:,517/{3 3657

CUREerHs i g e

5 n_..-._..-... e D e L T R
* AP A R T

RIS
{an, A ey "?,"'ﬂ{'-
yln " R

RIS IR [ CIVR Y, D S . } . N X .
TR G A& MR DR A B o W R i AV R D e R T LR o | T P TiN I R P P PR, TR |
i AR ARG B o e S SV e I A L i riid gl T i MG o




T R o~ TP T L L S N T D R S R e T SR T S e

W TR O e T wm et e g T

— - B et VU

APPENDIX E
DEPTH HOLE MEASUREMENT

BULOVA SYSTEMS & INSTRUMENTS CORPORATION




BULOVA SYSTEMS & INSTRUMENTS CORPORATION

Depth Measurement

A measurement of depth is usually associated with a blind hole or feature

where a source of light is unable to pass through the section under observation,
Only a reflected source can be used, The technique developed for the Automated
Inspection Machine consists of taking a collimated lagser beam of light and

directing the beam at the edge of the blind hole as feature in such a manner

that the bearn is split by the edge. One half of the beam is reflected by the

top edge and the second half of the beam is reflected by the lower plane of the

blind hole or feature. The resultant spots of light are then reviewed by the

optical digitizer in a manner similar to that used in the hole measurement

A distance is computed which represents the value of the line
Page E3), the horizontal distance between the two

routine.
segment "'D'" (see Figure
split spots of light, If "D'" is known and the lazer beam is at an angle of
45 degrees, the value of D is equal to "T" the quantity that represents the
thiciness or depth. For other angles of the the laser beam, T is no longer

equal to D but proportional to D. A simple algorithm would be incorporated
into the software to derive T in terms of D and the new angle, Steeper laser

beam angles would allow measurement of depths that are larger than the width
of the blind hole or feature under observation. For this type measurement, a

depth cf tield of the camera lens system must be sufficiently larger to encompass

boily spots to prevent error due to optical distortion,
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LIST OF PROJECT EQUIPMENT
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

LIST OF PROJECT EQUIPMENT

l, Image Dissector Optical Data Digitizer

2, Digitizer Power Supply

EMR Photoelectric
Model 658A
Serial Number 29

3. Tungsten Halogen Lamp Scurce with Heat Exchanger

Bulova Systems & Instruments Corp.
Edmund Scientific
Lamp
Catalog Number 40, 780

4. Helium-Neon Laser Reflective Light Source (Part of EMR Digitizer)

Spectra Physics
Model Number 236
Serial Number 3727/5285

5. Nova 3 Data General Computer (Part of EMR Digitizer)

Data General Corp.
Model Number Nova 3/12-8493
Serial Number SO #6206-1 516
Option 4010

6. ASR Model 33 Teletype Machine

Teletype Corp,
Model Number 3320-3WE

(No obvious serial number)
7. Video Monitor (Part of EMR Digitizer

Tektronix Corporation
Model Number 604
Serial Number B121609

8. Anorad X-¥ Table (Part of EMR Digitizer)

Anorad Corporation
Model 108
Serial Number 01 (Job Number 108)

10" X-Travel, 4" Y-Travel
G-2

o A P K B

T i Rm e a o




i T IR T s ¥ T L S W A TG ST TR LT ST i ol 6 3eks W SGT0 s

R BULOVA SYSTEMS & INSTRUMENTS CORPORATION

{ 9. Automatic Loader and Unloader w/Precision Lamina Holding Fixture

b Bulova Systems and Instruments Corp.
[ Model/Project Number 929
‘ Serial Number 01

1 r
1 i 10. Texas Instruments 5T1 Programmable Controller Sequencer

Texas Instruments Corporation
e Model 5TI-1023 l

bty B AR

i
L

: Serial Number 102-631 RE/MFG
- { 11. I/O Interface with Logic Modules
- Bulova Systems & Instruments Corp, W
o Model/Project 929 1
SRR & Contains the following Logic Modules: ]
o 5TI5 Logic Module
AR 16 output
Model 5TI 5020 ;
7 Serial Number 1961 ¥

U 5TI5 Logic Module
{ .. 16 output . 1
L [E Model 5TI5 5020 '4
; - . Serial Number 1929

5TI5 Logic Module
8 in/8 out
Model 5T1 5011
S Serial Number 3043
+ 5TI5 Logic Module i
16 input ;
- Model 5TI 5010
= Serial Number 3901

SRR ‘ 5TI5 Logic Module o
SR 16 input i
b b

Model 5TI 5010

z‘ Serial Number 3892 . :
12, Software Package
i‘ !’?f} EMR Corporation : g
coy NOVA 3 Program Tape ol
3 { Serial Number 7

: { .
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